Reducing surfactants-silica interactions in the acid solution provides a novel and efficient strategy for obtaining highcoverage silanes grafted MCM-41 or MCM-48 mesoporous materials and a simultaneous recovery of the surfactants under a mild modification condition.
To extend the applications of the mesoporous silicas of highperformance advantages (such as high surface area, tunable pore size, and uniformed pore) in catalyst, absorbent and chemical sensors, surface modification is essentially required.
1{4 However, it is really important to maintain a large number of surface silanol groups (Si-OH) on the mesoporous silica wall after the removal of the surfactant when a high surface coverage of functional groups is preferred. In general, a complete removal of the organic surfactant for MCM-41 and MCM-48 mesoporous materials prepared from alkaline media was carried out by hightemperature calcination due to the strong electrostatic interactions between negative charged silica (I À ) and cationic quaternary ammonium surfactant (C n TMA þ ; S þ ). 5;6 But, calcination always provokes the surface silanol groups to condense further that dramatically reduces the Si-OH density as reactive sites for surface modification. Although many methods attempted to recover the high silanol density by adding a trace amount of water, 1 the procedures and composites are complicated and difficult to be optimized. Calcination wholly burns up and wastes the expensive quaternary ammonium surfactants. Thus, an efficient and economic method to prepare MCM-41 and MCM-48 mesoporous silicas with high surface silane-modification and recovery surfactant remains desired.
It should be noteworthy that the MCM-41 and MCM-48 silica-surfactant mesoporous silicas in real are not the covalentbonding composites.
7 Thus, the interactions between the silica and surfactant could be tunable by adjusting pH value.
8
In this study, first, we shifted the strong electrostatic interactions (S þ I À ) between the surfactants and silica wall of alkaline-made MCM-41 and MCM-48 samples to a weak hydrogen-bonding form (S þ X À... I 0 ) via a simple acidic (pH < 1) treatment procedure. 9 The dry base-made MCM-41 and MCM-48 samples were combined with nitric acid water solution (pH < 1), where the weight ratio of sample to acidic solution is 1 : 50, and then stirred at room temperature for 1-2 days. After filtration, washing and drying at 100 C, the dried acid-treated MCM-41 and MCM-48 samples were obtained.
To rationalize the interaction transformation of the mesoporous surfactants-silicas composites, we rationally compared the IR spectra of the MCM-41 and MCM-48 mesoporous silicas before and after nitric acid solution treatment ( Figure 1A , spectra I, II). One can obviously find the existence of an extra strong absorption band of nearly 1350 cm À1 denoted by an arrow in the acid-treated MCM-48 sample, which was attributed to the vibration mode of NO 3 À ions. This qualitatively reveals that interactions of the silica-surfactant were changed from an electrostatic mode of
With a quantitative elemental analysis, the N/C ratio in the acid-treated mesoporous sample was found to be nearly twice as many as those before acid treatment interaction, indicating an almost total transformation from S þ I À to S þ NO 3 À I 0 form. In addition, the XRD patterns of the acid-treated mesoporous are almost the same as the original mesostructures. (Figure 1B , C) Thus, it is rational to schematically propose a complete interaction transformation process as below: It is well known that the adsorbed water usually induces a non-uniform grafting upon surface modification. Typically, a moisture-free condition and dried solvent are necessary for calcinated and surfactant-free mesoporous samples. However, the existence of the surfactants inside the nanochannels could prevent a capillary-adsorption of water from atmosphere by empty nanochannels. Besides, due to the weak hydrogen-bonding interactions of (S þ X À... I 0 ), it was supposed that surface modification of the acid-treated MCM-41 and MCM-48 mesoporous silicas could be achieved under a mild condition as well as the acid-synthesized mesoporous silicas.
10 Accordingly, these two unique advantages would make a homogeneous silanemodification easily achieved in a polar ethanol solution. For surface silane-modification, a proper amount of dried and acidtreated mesoporous sample was embedded into the silane ethanol solution and refluxed for 3-6 h at about 70 C. The products were recovered by filtration, washed with a large amount of ethanol and dryed. The silanes sources are TMCS (
After TMCS and MPTMS grafting, the intensity of C-H stretching band (3000-2800 cm À1 ) of the surfactants dramatically decreased, the adsorption band of NO 3 À disappeared in the IR spectra ( Figure 1A , spectra III, IV) and no N element content was detected from elemental analysis, indicating a nearly complete replacement of quaternary ammonium surfactant by TMCS and MPTMS silanes. Therefore, the quaternary ammonium surfactants were easily recovered in a high recovery yield of >95% from the ethanol solution and reused for mesoporous silica preparations. Moreover, the TMCS grafted mesoporous MCM-41 and MCM-48 have an obvious increase of the XRD peak intensity and number of peaks ( Figure 1B, and C) , responding to the surfactant removal and an increase of the electron density difference between silicas wall and surfactant-free pore. The N 2 adsorption-desorption isotherms of the silane-modified were examined as well. Figure 1D demonstrates that both the APTMS and TMCS silane-modified MCM-48 possess the sharp capillary condensations and high pore volume.
The physical properties of the silane-modified MCM-41 and MCM-48 including the pore size BET surface area and pore volume are listed in Table 1 . From the data, we can find that the silane-grafted samples exhibit the advantages of large surface area, pore size and porosity as the typical mesoporous silicas. The silane coverage estimated from a calculation of the carbon content of elemental analysis data is in the range of 2.0-3.5 mmol/g. The high silane-coverage was due to the preservation of surface Si-OH groups of the nanochannels.
Basically, this two-step process provided a low-energy mechanism (i.e. hydrogen bonding interaction ! covalent chemical bond) of silane-modification for the base-made mesoporous materials. In contrast, a high-temperature condition, long reaction time (>10 h) and complicated composites (such as: concentrated silanes solution and the charge-balanced silanes) have to be performed to overcome a high-activation-energy replacement for silane-modification of the base-made MCM-41 mesoporous silicas (i.e. electrostatic interaction ! covalent chemical bond).
11
In conclusion, we proposed a convenient and economic twostep process for preparing high-coverage silane-grafted MCM-41 and MCM-48 silicas. Due to the existence of the surfactant in the nanochannels, this process becomes versatile in the grafting of water-sensitive silane compounds or metal alkyloxides. Therefore, the reduction of surfactants-silica interaction opens another newly judicious route for the silane-modification of the basemade mesoporous silicas with various hierarchical morphologies and mesostructures.
12 Besides, the interactions between silica and surfactants have been reversibly adjusted by changing the charge properties of the silicas in a media of different pH value, one can logically design a well-organized reaction process for effortlessly getting the preferred mesoporous products for versatile applications. 
